The previous papers in this series have presented data on the composition of the cytoplasmic granules of rabbit polymorphonuclear leucocytes and on the fate of the granules following particle ingestion (1, 2). These studies demonstrated that the granules contain the bactericidal agent phagocytin and a number of hydrolytic enzymes. Both types of compounds can be liberated in a non-sedimentable, active form by procedures which disrupt the granules. Since morphological degranulation occurred following the engulfment of bacteria, it seemed likely that phagocytosis might also lead to release of granule-associated factors into the cytoplasm of the leucocyte.
and supernatant fluid. The pellet contained all the larger particulate elements of the cell including nuclei, mitochondria, and intact granules, while the supernate was composed of smaller particles and soluble materials. Both fractions were then assayed for the particular component under study.
The Influence of Particle Ingestion on the Distribution of A ntimicrobial Agents
The assay of bactericidal agents included a citric acid-extractable component which has been identified as phagocytin, and histones, which are extractable from the nuclei of leucocytes by means of hydrochloric acid (3) . Both substances display bactericidal activity when tested against Escherichia coli K-12.
Glycogen-induced peritoneal exudate leucocytes were screened and washed once in a medium composed of balanced salt solution, 0.0056 • glucose and 0.01 per cent crystalline bovine serum albumin (hereafter solution HBG) (4) . The cells were then resuspended in solution HBG and dispensed to sterile, siliconed 18 X 150 mm. tubes. Fresh normal rabbit serum was added to all tubes to a final concentration of 10 per cent. Following the addition of serum, a washed inoculum of heat-killed bacteria was added to the phagocyfing series to give a multiplicity of 2-20 bacteria/PMN leucocyte. The higher multiplicity resulted in the ingestion of one or more bacteria by 90 to 95 per cent of the leucocytes. The control series received an equal volume of solution HBG. The total leucocyte population of all tubes was identical and varied between 35 and 40 X 106/ml. in a final fluid volume of 5.0 ml.
The tubes were then stoppered and incubated in a reciprocating, constant temperature bath shaker at 37°C. for periods up to 180 minutes. At prescribed intervals a tube of both the control and phagocyting leucocytes was removed and processed. The zero time tubes were sampled immediately after the addition of organisms or medium.
After incubation each tube was placed in a chilled centrifuge carrier and spun at 500 R.P.M. (International PR-2) for 4 minutes at 4°C. This sedimented the leucocytes and left extracellular bacteria in the supernatant fluid. The supernate was removed and stored for analysis. The cell deposit was then washed once in solution HBG and again in cold 0.34 M sucrose. This removed traces of the medium as well as residual extracellular organisms. Following the washes, the cells were resuspended in 5.0 ml. of cold 0.34 ~t sucrose and homogenized for 1 minute with a motor driven teflon pestle. Homogenization at this stage was required for good cell disruption, since spontaneous lysis was found to be inefficient with small numbers of leucocytes. After homogenization, approximately 90 per cent of the cells in both the control and phagocyting preparations had disrupted and liberated their cytoplasmic contents.
The homogenates were next transferred to lusteroid tubes and centrifuged at 8,200 g for 20 minutes in a Lourdes centrifuge at 4°C. The supernatant fluid was carefully removed with a Pasteur pipette and the pellet resuspended in 5.0 ml. of cold sucrose.
Aliquots of each of the three fractions, i.e. medium, 8,200 g pellet and 8,200 g supernate, were added to 0.01 ~t citric acid for the assay of phagocytin. After incubation at 4°C. for 2 or more hours, the suspensions were clarified by high speed centrifugation and the supernates were assayed for bactericidal activity. This procedure removed all of the phagocytin activity from the 8,200 g pellet; further citric acid extracts showed no bactericidal activity. Next, the citric acid treated 8,200 g pellet was extracted with 0.2 I~ hydrochloric acid. This resulted in the liberation of a bactericidal factor with the properties of histones. The citric acid and hydrochloric acid extracts were then assayed for antimicrobial activity against Escherichla coll
The results of two such experiments are presented in Table I . The control preparations, without the addition of bacteria, exhibited no change in the bactericidal activity of any of the fractions during the 2 hours of incubation in vitro. Almost all the phagocytin (0.01 ~ citric acid extract) was present in the 8,200 g pellet. A trace of bactericidal activity was found in the suspending medium but this was inconstant in occurrence and perhaps was related to the presence of ... 6,000 6,000 6,000 6,000 6,000 6,000 6,000 <50 5,000 20,000 6,000 * Units/fraction vs. Escherichia coli K-12.
serum factors. The bactericidal material extractable from the high speed pellet with HC1 also remained constant.
These results indicated that essentially all the phagocytin in normal cell homogenates was associated with particles which sedimented at moderate centrifugal speeds. Furthermore, the distribution and activity of these antimicrobial agents remained unchanged after 120 minutes incubation in vitro.
In contrast, rather marked alterations occurred in the phagocyting leucocytes. At zero time, immediately after the addition of microorganisms, but before any significant amount of ingestion had occurred, bactericidal activity of the various fractions was the same as that of the control specimens. After 30 minutes of incubation, a time period in which extensive phagocytosis had taken place, there was a sharp reduction in the phagocytin content of the 8,200 g pellet. This loss was not accompanied by a comparable increase in activity of the supernatant fluid. No further changes in activity took place upon additional incubation of the bacteria-leucocyte suspensions. It is of interest that the amount of bactericidin extractable from the deposits with HC1 was not influenced by the ingestion of particles, and remained constant throughout the 120 minute period of incubation.
When smaller numbers of bacteria were added to leucocytes, e.g. 2 bacteria/ PMN, no significant reduction was detectable in the phagocytin content of the cell particulates. A similar type of experiment was performed on non-phagocyting and phagocyting leucocytes which were then disrupted by homogenization, but not separated by centrifugation.
Suspensions containing leucocytes, normal rabbit serum, and heat-killed bacteria were prepared according to the previously described methods. Each tube contained 30 X 106 PMN in a total volume of 1.0 ml. Mter incubation at 37°C. the cells were sedimented at low speed and the suspending medium stored for assay. The cells were then washed once with 5.0 ml. of balanced salt solution and homogenized for 1 minute in 1.0 ml. of 0.25 M sucrose. Following high speed centrifugation, the deposits from the disrupted cells were then extracted sequentially with 1.0 ml. of 0.01 M citric acid and finally with 1.0 ml of 0.2 N HCI The 0.25 M sucrose, 0.01 zs citric acid, and 0.2 N HC1 extracts were then assayed for bactericidal activity.
The results of such an experiment are presented in Table II and complement the previous studies on leucocyte fractions. In the control leucocytes the major portion of the bactericidal activity of the cell was found in the citric acid extract, with smaller quantities in the sucrose and hydrochloric acid fractions. Following phagocytosis, there was a marked reduction of bactericidal activity in the sucrose and in the citric acid extracts, whereas the hydrochloric acidextractable component exhibited no change in activity. 
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FIo. 1. The effect of particle ingestion on the distribution and recovery of enzymes in leucocyte fractions.
The Influence of Particle Ingestion on the Distribution of Granule-Associated Enzymes
Experiments were also performed to determine the effect of phagocytosis on the distribution and activity of selected leucocyte enzymes.
The preparation of cell suspensions, composition of the medium, and multiplicity of bacteria were identical with those described in the preceding section. Control and phagocyting leucocytes were washed, homogenized, and fractionated in the same manner. Both the 8,200 g pellet and supernate were then employed for the assay of enzymatic activity. Saponin was incorporated into all reaction mixtures at a final concentration of 0.2 per cent (I). The heatkilled bacteria, alone, did not display demonstrable enzyme activity. Fig. 1 shows the influence of particle ingestion on the distribution and recovery of four leucocyte enzymes after 30 minutes' incubation at 37°C. The majority of the activity in homogenates of the control cells was located in the high speed pellet. Approximately 85 per cent of alkaline phosphatase and beta glucuronidase activities were particle-bound, whereas 10 to 15 per cent were present in the supernatant fluid. Cathepsin, an enzyme which was only partly associated with the granule fraction, exhibited a somewhat different pattern of distribution with 30 per cent of the total activity in the 8,200 g supernate.
The results obtained with the phagocyting cells were markedly different. After 30 minutes of phagocytosis, a larger proportion of each of the enzymes was now present in the supernate. No significant increase in total enzyme activity was noted when compared with the non-phagocyting cells. Preliminary studies revealed that only traces of enzymatic activity were present in the incubation medium obtained from the control cells. Phagocyting leucocytes did release small amounts of enzyme extracellularly, but at 30 minutes this represented less than 10 per cent of the total activity. Further studies are indicated on the extracellular release of enzymes after longer periods of incubation following particle ingestion.
Additional experiments were then conducted to ascertain the effect of various periods of incubation on the distribution of three enzymes which had previously exhibited the most marked changes in distribution. Fig. 2 presents the results of one such experiment in which the per cent of total enzyme activity in the 8,200 g supernate is plotted against the time period following the addition of heatkilled bacteria. At zero time the pattern of distribution was essentially the same as the control series in Fig. 1 . After 15 minutes of incubation a relatively small increase occurred in the activity of acid phosphatase and beta glucuronidase in the supernate. At 30 minutes more than 50 per cent of the total activity of these enzymes had been released from particles and this value remained relatively constant up to 60 minutes of incubation. In contrast, cathepsin showed a maximal increase in the supernate after the first 15 minutes. Thereafter, 60 to 70 per cent of cathepsin activity was present in a form not bound to particulates.
When smaller numbers of bacteria were added to the leucocytes, i.e. 2 bacteria/PMN, much less striking effects were noted. Under these circumstances the activity of acid phosphatase in the supernate rose from 9 to 22 per cent. This effect of multiplicity was analogous to that described in the section on phagocytin.
DISCUSSION
The results of the present investigation are, perhaps, most readily interpretable in terms of the degranulation which follows the engulfment of particles by polymorphonuclear leucocytes. The evidence for the in situ disruption of the granules is morphological in nature, but implies the liberation of granule constituents in a form not attached to particulates. If this is the case, then granuleassociated factors, e.g. phagocytin and hydrolytic enzymes, would be free to interact with the ingested bacteria either in the cytopasm of the cell or within the phagocytic vacuole.
The experiments concerning the fate of phagocytin seem to be compatible with this hypothesis. Following the uptake of large numbers of heat-killed bacteria, there was a striking reduction in phagocytin recoverable from the leucocytes. This loss took place almost entirely from the 8,200 g pellet which, in the normal cell, contains more than 95 per cent of the total phagocytin activity. In addition, there was no corresponding increase in the activity of either the high speed supernate or suspending medium. This suggests that phagocytin, once released from the granules, is "consumed" either upon exposure to the ingested bacteria or to other elements in the homogenate. The irreversible adsorption and/or inactivation of phagocytin by suspensions of bacteria has been well documented in previous studies (5) .
The results concerning the distribution of the hydrolases followed a somewhat different pattern. In this case, there was a progressive loss of the enzymes from the cytoplasmic particles with a concomitant increase in the activity of the supernatant fraction. No significant difference in the total enzyme activities of the control and phagocyting leucocytes was noted, indicating that phagocytosis resulted primarily in an intracellular redistribution of these components. The differences in the rate of release of cathepsin as opposed to acid phosphatase and beta glucuronidase remain unexplained at this time.
Many factors may influence the extent to which phagocytosis alters the distribution of leucocyte constituents. One of the more important of these is the number of particles ingested by the cells. The addition of large numbers of bac-teria to the leucocytes, i.e. 15 to 20 bacteria/PMN, resulted in both a greater percentage of cells which had phagocyted and a larger number of organisms per cell. At the same time there were demonstrable changes in granule-associated components, whereas smaller multiplicities gave equivocal results. These findings are analogous to the previous morphological studies in which the degree of degranulation was dependent upon the number of ingested particles. It is important to realize that the complete degranulation of a large leucocyte population is difficult to achieve, no matter how great the number of bacteria added. This may account, in part, for the presence of appreciable amounts of phagocytin and enzymes which remained associated with the 8,200 g pellet. Other factors such as adsorption, inactivation, incomplete homogenization, etc., may also alter the distribution of these components in the various cell fractions.
SUMMARY
Control and phagocyting populations of rabbit polymorphonuclear leucocytes have been compared in terms of the content and distribution of phagocytin and selected hydrolytic enzymes. Following incubation at 37°C., the cells were disrupted by homogenization and separated into an 8,200 g pellet and supernatant fluid. The high speed pellet from control leucocytes contained all the larger particulate elements of the cell including intact cytoplasmic granules.
The ingestion of large numbers of heat-killed bacteria was accompanied by a fourfold reduction in the total phagocytin content of the leucocyte, whereas phagocytosis did not influence the recovery of histone-like bactericidin from nuclei. Engulfment of microorganisms led to a progressive decrease in the activity of phosphatases, beta glucuronidase, and cathepsin extractable from the 8,200 g pellet, with a concomitant increased activity of these enzymes in the supernatant fraction. No significant difference in the total enzyme content of control and phagocyting cells was noted.
These findings are consistent with the lysis of granules following phagocytosis and the liberation of granule constituents into the cytoplasm of the leucocyte. 
